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SUMMARY Nine patients with eosinophilic endomyocardial disease who had undergone angio-
cardiography with histological staging of their disease, were studied by M-mode and two dimensional
echocardiography to determine the extent to which specific features of the disease could be evaluated
by these non-invasive methods. In seven patients, amplitude processed two dimensional echo-
cardiography showed regions where the relative intensity of endomyocardial echoes was greater than
normal, and their distribution corresponded to known areas of fibrosis. Standard two dimensional
echocardiography was normal in all but three patients. In eight patients M-mode echocardiography
showed only non-specific abnormalities, but appeared to be useful in assessing the functional conse-

quences of myocardial or mitral valve disease. After digitisation a reduction in the duration and an

increase in the peak rate of dimension increase during filling was found in four patients, while in two
other patients the peak rate of dimension increase was reduced and filling was prolonged. It was

concluded that amplitude processed two dimensional echocardiography might be useful in diagnosing
the extent and severity of endomyocardial disease in patients with hypereosinophilia. These non-

invasive techniques may thus provide a means for the early diagnosis of endomyocardial fibrosis and
could be useful in assessing its progression or response to treatment.

Eosinophilic endomyocardial disease became well
known after Loffler's description of two patients in
1936,1 and over 100 patients have now been described.
It is characterised by a persisting blood eosinophilia
and acute endocardial lesions which progress to endo-
myocardial fibrosis. This leads to a restrictive or
obliterative cardiomyopathy,2 with impairment of
diastolic filling. In addition, involvement of the
papillary muscles can cause mitral and tricuspid
regurgitation. In the majority of these patients the
eosinophilia is idiopathic but in some. an underlying
cause such as a malignancy, allergic disease, or a hyper-
sensitivity disorder can be defined.
Some studies of this condition using echocardi-

ography have been reported, including Parrillo et al.3
who studied 18 patients with the hypereosinophilic
syndrome and clinical features of endomyocardial
disease, but on whom no invasive studies had been
undertaken. Chew et al.4 described a pattern of
restrictive ventricular filling in two patients with angio-
graphically confirmed eosinophilic endomyocardial
disease. Recently, five of 13 patients with the hyper-
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eosinophilic syndrome and suspected endomyocardial
disease were found to have thickening of the posterior
wall of the left ventricle in two dimensional echocardio-
grams.5 Though this report did not describe the angio-
graphic or histological appearances in these patients,
similar two dimensional echocardiographic abnor-
malities were noted in a patient whose disease was
confirmed at cardiac surgery.6
The present study was done to assess the value of

echocardiography in patients with eosinophilic endo-
myocardial disease. In addition to standard M-mode
and two dimensional techniques, recent methods for
digitisation of M-mode echocardiograms and colour
coding of regional echo amplitude on two dimensional
echocardiograms were also carried out. It was hoped
that this would show whether echocardiography could
detect endomyocardial disease in its early stages, and
whether it could be used to follow the evolution and
extent of the disease.

Subjects and methods

Nine patients with eosinophilic endomyocardial
disease were studied. They had undergone angio-
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Table 1 Summary ofdistribution ofabnormalities in angiocardiograms, and histological staging ofeosinophilic endomyocardial
disease in nine patients

Case No. Age (y) Sex Duration ofknown heart disease Distribution ofcardiac abnormalities Histological staging
when study performed (years) in angiocardiograms
Angiogram Histology Echo Right side Left side

study

1 25 M 0 0 0.8 Normal Normal Necrotic/thrombotic stage
2 49 M 0 0 0-4 Apical obliteration Atrial enlargement; Fibrotic stage

apical irregularities3 46 M 0-7 0-7 1.2 Atrial enlargement; Atrial enlargement; Fibrotic stage
apical obliteration mitral regurgitation;

apical irregularities
4 24 M 0-6 0-6 1-7 Apical obliteration; Atrial enlargement; Biopsy failed

hyperdynamic in- mitral regurgitation; (probable dense fibrosis)
fundibulum apical irregularities

5 37 M 9.7 9.7 9-4 Atrial enlargement; Atrial enlargement; Fibrotic stage
apical obliteration; mitral regurgitation;
hyperdynamic in- apical obliteration
fundibulum

Postoperative studies
6 23 F 0-3 0-3 0-5 Atrial enlargement; Mitral regurgitation; Thrombotic stage

apical irregularities apical irregularities
7 25 M 0-7 0-5 2-3 Atrial enlargement; Atrial enlargement; Fibrotic stage

apical obliteration; apical irregularities
hyperdynamic in-
fundibulum

8 44 M 6-0 4.5 6-2 Atrial enlargement; Atrial enlargement; Fibrotic stage
apical obliteration apical irregularities
hyperdynamic in-
fundibulum

9 52 M 0 0.1 8-3 Apical obliteration Apical irregularities Fibrotic stage

cardiography, and a histological diagnosis had been
obtained by cardiac biopsy or open heart surgery in
eight. A biopsy attempt had failed in one patient,
probably because of dense fibrosis preventing attach-
ment of the biotome. Full clinical and cardiological
features of these patients have been described
separately.7 Table 1 summarises these findings and
shows the stage in the disease when echocardiography
was carried out. Two patients (cases 1 and 6) were
studied during the early stages of the disease. The
remainder had late fibrotic lesions at the time when
echocardiography was carried out.

Four patients had previous cardiac surgery with
replacement or repair of one or both atrioventricular
valves. The mitral valve of case 6 had been replaced
with a Carpentier-Edwards prosthesis and case 7 had
been given a Starr-Edwards prosthesis. Case 8 had a
right ventricular endocardectomy with mitral and
tricuspid xenograft valve replacements and case 9 had a
mitral valve repair.

ECHOCARDIOGRAMS
M-mode echocardiograms were performed on an echo
IV machine (Electronics for Medicine) and recorded at
a paper speed of 100 mm/s on an instantaneous dry
silver paper strip chart recorder. 2-25 MHz transducers
were focused at 10 cm. Patients were positioned in the
left lateral decubitus position. Normal values were
taken from previously published data.8 Echocardio-
grams were digitised as previously described9 10 using a

Summagraphics digitiser and a Prime 400 computer
system. From these records, the following measure-
ments were made.
(1) End-diastolic (synchronous with the Q wave) and

minimum left ventricular dimensions, from which
fractional shortening was derived.

(2) Peak velocity of circumferential fibre shortening
(normal range 2-0 to 3 0 s-').

(3) Peak rate of dimension increase during filling
(normal range 12 to 20 cm/s).

(4) Duration of rapid filling (normal 160-220 ms).
This period extends from the onset of the
dimension increase at the start of diastole to the
time when the first differential with respect to time
falls below 20% of its peak value.

Two dimensional echocardiography was performed
with a mechanical sector scanner (ATL Mark III) using
a 3-5 MHz transducer and 45 dB logarithmic grey scale
compression. Standard views were used in all cases and
the myocardium of the right ventricular inlet was
imaged lateral to the tricuspid valve by slight angula-
tion of the transducer from the standard parasternal
minor axis view showing the aortic root and left atrium.
Gain controls were set up for the parasternal view, and
not altered thereafter during the examination. Swept
gain was not used. All investigations were recorded on
3/4 inch tape using a Sony U-matic videotape recorder
(VO263 1). An internally derived grey scale was super-
imposed on each display.

Colour image processing of two dimensional echo-
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Fig. 1 (A) Comparison of three methods for displayzng standard grey scale images. (a) Standard black and white image, (b) simple
colour coded image, (c) processed image with modulation ofboth hue and luminosity. (B) Processed image, parasternal long axis view, of
a normal heart.

Fig. 2 (A) Parasteral long axis view, processed image, showing echoes of increased amplitude returningfrom theposterior wall of the
left ventricle and the attached papillary muscles (pm), chordae, and anterior cusp. The ar-row indicates thickening behind the posterior
cusp. Note the layered appearances ofthe increased intensity echoes, with sparing of the medial side of the posterior wall of the left
ventricle (case 1). (B) Parasternal minor axis view modified to show the right ventricular info tract. The arrow indicates increased
intensity of reflected echoes from the lateral wall ofthe right atrium and the right ventricle (case I).

Fig. 3 (A)Apicalfour chamber viewv,amplitude processed image, showing echoes ofincreased amplitude reflectedfrom the apex ofthe
right ventricle. They are also seen in the moderator band (mb) ofthe right ventricle with echoes ofnormal amplitudes on either side (case
4). (B)Apicalfour chamber viewz, processed image, showing echoes ofincreased amplitude reflectedfrom a well defined area at the base of
the left ventricular septum. In addition, echoes with increased amplitude can be seen returning from the septal cusp of the mitral valve
(case 5).
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Table 2 Summary ofM-mode echocardiograms in nine patients with eosinophilic endomyocardial disease

Case No. Left atrial size at Posterior wall Septal motion Septal thickness Mitral valve Pericardial effusion
end-systole (cm) thickness, end- (cm) diastolic closure rate

diastole (cm) (cm/s)

1 3-9 1.1 Normal 0-8 8 Small
2 5.1 1.1 Normal 1-1 4 Small
3 4.5 1-40 Normal 1-0 8 None
4 4.9 0.70 Normal 0-7 25 Small
5 5.0 1-30 Normal 0.8 12 Small

Postoperative studies
6 4-1 0.90 Normal 0.9 Prosthesis None
7 4-3 0.80 Normal 0.8 Prosthesis None
8 3-7 0.80 Reversed 0.8 Prosthesis None
9 3.5 1-40 Reversed 1.5 Valve repair None
Normalrange 1.9-3-9 0-61-1 - 0.6-1.1 5-15 -

Number abnormal 6/9 3/9 2/9 1/9 1/5 4/9

cardiograms was performed as previously described,"I fibrotic lesions. Most of the abnormalities found were
using the Brompton Encoder (Ailtek Hospital compatible with mitral regurgitation, known to be
Supplies). Both black and white and processed views present in some of the patients.
were analysed. The colour sequence, cyan, green,
yellow, red, magenta, blue, and white (Fig. 1A), DIGITISED RECORDS
represented increasing relative echo amplitude. Zero As shown in Table 3, peak velocity of circumferential
amplitude was taken as black. The gain control of the fibre shortening and fractional shortening were
encoder was adjusted to the minimum value at which reduced in only one patient. There was a wide range of
the pericardium immediately beneath the left values for the peak rate of filling and duration of rapid
ventricular posterior wall appeared as a continuous filling, with broadly two patterns of abnormal filling.
white structure on the final display. Stop frame end- Three patients (cases 4, 7, and 8) showed a decreased
diastolic images were photographed and the dominant duration of rapid filling and two patients (cases 4 and 5)
colour ofindividual structures was noted and expressed had an increased peak rate of filling-all of these
as a percentage, white being 100%. A processed image, patients had some degree of mitral regurgitation. Of
parasternal long axis view, ofa normal heart is shown in the patients without mitral regurgitation, two (cases 1
Fig. 1B. and 9) had a normal filling pattern and two (cases 2 and

3) had a reduced peak rate and a prolonged duration of
Results filling in the absence of haemodynamic obstruction to

inflow.
M-MODE ECHOCARDIOGRAMS
A summary of the M-mode echocardiographic findings TWO DIMENSIONAL ECHOCARDIOGRAMS
is shown in Table 2. Abnormalities were found in eight
patients but these were minor in degree and none was Grey scale display
specific for eosinophilic endomyocardial disease. In The standard grey scale display showed an enlarged left
particular, posterior wall thickening could not be atrium in six patients. In three, the posterior mitral
shown in four out of seven patients with known late valve leaflet appeared thickened and attached to a

Table 3 Summary ofdigitised M-mode echocardiograms in nine patients with eosinophilic endomyocardial disease

Case No. Peak velocity of Fractional Peak rate of Duration ofrapid Diameters (cm)
circumferentialfibre shortening filling (cm/s) filling (ms)
shortening (s-1) (%) Minimun End-diastole

1 3.8 39 14 230 3.3 5.4
2 2.0 36 8 360 3.2 5.0
3 22 33 9 230 3.2 4.8
4 3.0 34 40 100 4.1 6.2
5 3.8 44 35 180 3.9 7.0

Postoperative studies
6 3.8 40 15 180 3.3 5.5
7 3.8 5 1 20 120 2-2 4.5
8 1.8 15 14 120 4.5 5-3
9 3.0 44 9 170 1-8 3-2
Normal range 2.0-3.0 33-45 12-20 160-220 2-5-4-1 3-5-5-6
Number abnormal 1/9 1/9 5/9 6/9 3/9 3/9
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Table 4 Summary ofamplitude processed two dimensional echocardiograms in nine patients with eosinophilic endomyocardial disease

Case No. Septum Amplitude ofechoes expressed as percentage ofpericardial echo value (100%)

Apical Basal Post. left Papillary Mitral cusps Right ventricle Other
ventricular muscles apex sites
wall Anterior Posterior

1* 45 60 90 90 85 80 45 Right ventricle
inflow: 90

2 35 35 60 35 60 60 55 -
3 60 60 55 55 60 55 60 -
4t 80 60 60 45 80 80 60 Moderator band:

90
5t 90 80 60 80 90 90 70 Moderator band:

85; right
ventricular
inflow 90

Postoperative study
6 60 45 30 Prosthesis - - 30
7 35 35 30 Prosthesis - - 30
8 35 35 30 Prosthesis - - 35
9 70 60 60 Mitral 60 - 90 Right ventricle

valve repair inflow: 90
Normal range 25-40 25-40 17-30 30-40 20-50 20-50 25-40
Number
abnormal 6/9 6/9 7/9 4/5 6/6 5/5 6/9

*See Fig. 2.
tSee Fig. 3A.
tSee Fig. 3B.

thickened left ventricular posterior wall (cases 4, 5, and
9). This endocardial thickening seemed to extend
down into and to obliterate the ventricular apex in two
of these patients. No abnormalities in the tricuspid
valve, aortic root, aortic valve cusps, and anterior
mitral leaflets were found. Systolic function was
normal and no intracavity masses were seen.

Colour coded images
This technique showed a wide range ofabnormalities in
seven of the nine patients. These are summarised in
Table 4 and echocardiograms from cases 1, 4, and 5 are
shown in Fig. 2, 3A, and 3B, respectively. Increased
amplitude echoes were seen most clearly in the inflow
tracts of both left and right ventricles. This corre-
sponded with areas of known fibrosis. High amplitude
echoes were obtained from the left ventricle of case 1
who had been found to have a normal angiocardiogram
10 months earlier with a cardiac biopsy showing acute
necrotic/thrombotic lesions. Though the method was
reliable and apparently sensitive enough to detect early
lesions in patients who had not been operated on,
among the four patients who were studied post-
operatively, two patients (cases 7 and 8) showed the
least abnormal features. One of these patients (case 8)
had had a right ventricular endocardectomy. The
absence of high amplitude echoes from the left
ventricle of these patients, however, remains un-
explained. A striking feature in two patients was
increased echo intensity from the region of the
moderator band in the right ventricle (Fig. 3A). In one
patient who had a history of cerebral emboli, a circular

plaque of increased echo intensity was seen on the
inferior surface of the septum near the left ventricular
apex (Fig. 3B).

Discussion

Eosinophilic endomyocardial disease gives rise to a
number of cardiological abnormalities which might be
recognised echocardiographically. These include
structural alterations such as endomyocardial fibrosis,
cavity obliteration, or thrombi, and functional
abnormalities directly resulting from myocardial
involvement or secondary to atrioventricular valvular
regurgitation. M-mode abnormalities reported by
previous authors and confirmed in the present study
were frequently the result of mitral regurgitation.
These included disturbances of motion of the anterior
mitral valve cusps and of ventricular wall motion
during filling. M-mode echocardiography also
identified small pericardial effusions in four patients
and minor degrees of septal or posterior wall hyper-
trophy in three patients. Digitisation ofM-mode echo-
cardiograms gave little additional specific information.
No evidence was seen of a "restrictive" pattern of wall
motion, with curtailed early diastolic filling. The rate
and extent of dimension changes were determined
mainly by the presence or absence of mitral regurgi-
tation, but two patients were noted to have a reduced
rate of dimension increase and prolonged filling period
similar to that seen in left ventricular hypertrophy. We
were thus able to confirm earlier reports4 12 that M-
mode echocardiography was not a reliable method for
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detecting the specific features of eosinophilic endo-
myocardial disease, though it was a useful technique
for assessing abnormalities in left ventricular wall
motion in these patients.
Two dimensional echocardiography, using a

standard grey scale display, showed localised areas of
echo-dense material on the posterior wall beneath the
mitral valve in only three patients. Similar findings
have been reported previously.56 When these patients
were studied using the colour coded amplitude
processed display, however, abnormally high intensity
echoes were detected in seven patients. This local-
isation corresponded closely to known areas of fibrosis:
the apex and inflow tracts of the right ventricle, and the
apex and posterior wall of the left ventricle including
the papillary muscles. Earlier experimental studies
have already shown that collagen has a greater capacity
than normal myocardium to reflect ultrasound in the
frequency range which is used in echocardiography.'3
As high intensity echoes arise from abnormal

collagen deposits within the myocardium, it may be
possible to demonstrate them by colour coded
amplitude processed two dimensional echocardi-
ography in other conditions in which fibrosis occurs,
such as tropical endomyocardial fibrosis. In this disease
M-mode echocardiography has shown non-specific
features'4-'6 which are similar to those seen in
eosinophilic endomyocardial disease. Grey scale two
dimensional echocardiography has also detected
reduced contractility of left ventricular posterior wall,
apical aneurysms, and adherence of the posterior cusp
of the mitral valve to the posterior left ventricular
wall.'7 The distribution of localised areas of fibrosis
which can occur in ischaemic heart disease has been
described," and high intensity echoes from the septum
and posterior wall have also been seen in patients with
left ventricular hypertrophy, but their distribution is
different and these are unlikely to be confus'ed with the
echocardiographic features of eosinophilic endomyo-
cardial disease.

It is concluded that colour coded amplitude
processed two dimensional echocardiography can
provide valuable information about the extent and
severity of eosinophilic endomyocardial disease. Endo-
myocardial abnormalities can be shown in the early and
late stages of the disease when high intensity echoes are
found which probably arise from abnormal collagen
deposits. M-mode echocardiography, with and without
digitisation, provides additional information about the
effects of mitral valve involvement and left ventricular
systolic and diastolic function. These appear to be
valuable non-invasive techniques for diagnosing and
studying the evolution of eosinophilic endomyocardial
disease. They may be particularly useful for detecting
early cardiac involvement in patients with hyper-
eosinophilia and the early stages of tropical endo-
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myocardial fibrosis. Further work is needed, however,
to see whether echocardiography can be used to follow
the effects of treatment on the course of these diseases.
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